In a cross-sectional study, the primary objective was to assess the plasma concentration of 25-hydroxyvitamin D (25(OH)D) in healthy 9-month-old infants (n ¼ 255). The secondary objective was to evaluate nutritional variables and season in relation to 25(OH)D. The concentration of 25(OH)D was 77.2 ± 22.7 nmol/l (mean ± s.d.), ranging from 12 to 151 nmol/l. During the first 9 months, 97% received vitamin D supplementation (10 mg/day) and 89% had sufficient levels of 25(OH)D (50-250 nmol/l). In multiple regression analysis, controlled for body mass index (BMI) and intake of infant formula, a longer period of exclusive breastfeeding (P ¼ 0.026) and breastfeeding at 9 months (P ¼ 0.001) were both associated with lower levels. Dietary vitamin D intake was 4.4 ± 3.1 mg/day and in multiple regression analysis, controlled for BMI, intake of infant formula and mean energy intake, it was positively associated with 25(OH)D (P ¼ 0.001). There was a significant seasonal difference in 25(OH)D, with higher levels during summerÀautumn compared with winterÀspring (P ¼ 0.021) after control for BMI.
Introduction
Vitamin D is important for growth and development during infancy. The Danish National Board of Health recommends that term infants should be given a vitamin D supplement (10 mg/day) for the first 24 months of life. At present, there is no agreement as regards the definition of what might be an optimal vitamin D status for infants and children (Wagner and Greer, 2008) . There is no updated information on the vitamin D status of healthy Danish infants. However, during the last decades nutritional rickets has been identified in infants and toddlers referred to hospitals in Denmark, in children from both immigrant and ethnic Danish families (Pedersen et al., 2003; Beck-Nielsen et al., 2009) . The primary objective of this study was to assess vitamin D status measured as plasma concentration of 25-hydroxyvitamin D (25(OH)D) in healthy Danish infants, aged 9 months. The secondary objective was to evaluate the influence of nutritional variables and season in relation to 25(OH)D.
Subjects and methods
Study subjects were 255 infants with baseline data from an ongoing longitudinal cohort study (SKOT). More detailed information about the SKOT cohort is published elsewhere (Madsen et al., 2010) . The age of the infants was 9 months±2 weeks, and they were recruited through the index of civil registration number, living in the Copenhagen area (551N), born at term and healthy. All were Caucasian except for 11 mixed Caucasian-non-Caucasian parents. The Committee on Biomedical Research Ethics of the capital region of Denmark (H-KF-2007-0003) approved the SKOT study protocol. The quantitative analyses of plasma 25(OH)D levels were conducted using a fully automated direct competitive chemiluminescent immunoassay (LIAISON 25-OH Vitamin D TOTAL; DiaSorin Inc., Stillwater, MN, USA). Within-run and total precision were 2.9-5.5% and 6.3-12.9%, respectively (Wagner et al., 2009) . The parents and caregivers recorded the infant's food intake just before the examination using a 7-day food record. A structured interview with the parents provided information about the health and feeding of the infant, including breastfeeding, consumption of infant formula/follow-on formula and vitamin supplementation. All statistical analyses were performed using Stata Statistical Software: Release 10.1. (StataCorp., College Station, TX, USA). For all analyses the differences were considered to be significant at a two-sided P-value o0.05. Mean 25(OH)D between binary or polytomous variables was compared by a two sample t-test or one-way analysis of variance. Regression analyses were employed for identification of continuous and category variables that could be associated with 25(OH)D, such as breastfeeding at 9 months (yes/no), duration of exclusive breastfeeding (days), infant formula intake (yes/no), body mass index (BMI) (kg/m 2 ) or energy intake (kJ/day). P-values for each variable are shown in brackets.
Results
A total of 2221 infants were invited to participate, 330 parents of the infants accepted to participate and 18 infants dropped The infants were exclusively breastfed for 122 ± 51 days (mean±s.d.) and 53% of the infants were partly breastfed at 9 months. A longer period of exclusive breastfeeding (days) was associated with lower levels of 25(OH)D (P ¼ 0.024), and in multiple regression analysis this was persistent (P ¼ 0.026) after control for BMI (P ¼ 0.003) and infant formula (yes/no) (P ¼ 0.323). Correspondingly, breastfeeding at 9 months (yes/no) was associated with lower levels of 25(OH)D (P ¼ 0.001) also in the adjusted analysis (P ¼ 0.001) after control for BMI (P ¼ 0.001) and infant formula (yes/no) (P ¼ 0.705). In contrast, consumption of infant formula (yes/no) was associated with higher levels of 25(OH)D (P ¼ 0.041) in the adjusted analysis with control for BMI (P ¼ 0.010). All infants were introduced to complementary feeding. The dietary intake of vitamin D except for the contribution from breast milk was 4.4 ± 3.1 mg/day; it was positively associated with 25(OH)D (P ¼ 0.001) (Figure 1) , and it was persistent after the analysis was adjusted for BMI (P ¼ 0.007), infant formula (yes/no) (P ¼ 0.932) and mean energy intake (kJ/day) (P ¼ 0.411). Infants consuming the formula had a significantly higher dietary intake of vitamin D (5.4 ± 2.8 mg/day, mean±s.d.) compared with infants consuming no formula (1.7 ± 1.7 mg/day, Po0.001). A significant seasonal difference in 25(OH)D was observed, with higher levels in sunny months from the time period during summer to autumn (June-November) than during winter to spring (DecemberMay) (P ¼ 0.021), after control for BMI (P ¼ 0.012).
Discussion
The present study provides the first information about 25(OH)D levels in Danish infants. In accordance with current cut-off values (50-250 nmol/l) (Misra et al., 2008) , 89% of the infants had sufficient 25(OH)D levels, which is a considerably higher prevalence than the level found in Danish teenage girls (Andersen et al., 2005) . What defines an optimal concentration of 25(OH)D in children is an important question, but consensus has not been reached (Vieth, 2006; Wagner and Greer, 2008) . Breastfeeding without vitamin D supplementation is a predictor of vitamin D deficiency (Gordon et al., 2008; Greer, 2008) . Only 7 out of 255 infants did not receive vitamin D supplements during the first 9 months. Selection bias may likely explain the high frequency of vitamin D supplementation. Despite the high frequency of supplementation, a longer period of exclusive breastfeeding and breastfeeding at 9 months were both significantly associated with lower levels of 25(OH)D. We found that the dietary intake of vitamin D was positively associated with 25(OH)D. The intake did also include infant formula and enriched commercial baby foods, whereas it did not include the content of vitamin D in breast milk, which is, on the other hand, known to be low (Greer, 2008) . In all, 92% of the infants who were not breastfed at 9 months received infant formula, indicating that breast milk replaces an energy intake from more vitamin D-rich sources. Infants are recommended not to stay in direct sunlight because of skin cancer risk (Greer, 2008) ; nevertheless, there was a seasonal difference in 25(OH)D, with higher levels in sunny months than in winter months. In conclusion, nearly all of the infants received vitamin D supplementation at the age of 9 months and 89% of the infants had sufficient levels of 25(OH)D. The present study indicates that infants receiving the recommended daily amount of vitamin D have a sufficient vitamin D status. However, an influence of breastfeeding, consumption of infant formula and season was still observed. Vitamin D status in infants M Østergård et al gratefully acknowledged for assisting in data collection. We express our sincere appreciations to the families and their infants for participating in SKOT.
